INTRODUCTION
In recent years, the taxonomy of the Laurencia J.V. Lamouroux complex has undergone several changes initiated by the use of new characters and cladistic analyses to segregate genera, subgenera and sections (Garbary & Harper 1998; Nam 1999 Nam , 2006 Nam , 2007 Nam & Saito 1995) . These changes include the resurrection of Osmundea Stackhouse , the elevation of Tokida and Saito's subgenus Chondrophycus (in Saito 1967) to generic rank (Garbary & Harper 1998) , the proposal of the genus Palisada K.W. Nam based on Yamada's (1931) section Palisadae (Nam 2006) and its later validation (Nam 2007) . Therefore, the Laurencia complex is currently divided into four genera: Laurencia sensu stricto, Osmundea, Chondrophycus and Palisada. Molecular phylogenies have been used to clarify the relationships within the complex and have corroborated its current classification system (Nam et al. 2000; McIvor et al. 2002; Abe et al. 2006; Fujii et al. 2006; Díaz-Larrea et al. 2007; Lewis et al. 2008) .
The taxonomic status of Palisada perforata (Bory) K.W. Nam and P. papillosa (C. Agardh) K.W. Nam was established by Nam (2006 Nam ( , 2007 . These species are closely related and morphologically similar, being distinguished by their external morphology. Palisada perforata forms strongly compacted turf-like mats attached by a discoid holdfast and arcuate and decumbent branches unilaterally ramified with secondary attachments at their apices. Palisada papillosa possesses taller thalli with branches radially ramified, and is attached by a discoid holdfast and stolon-like branches (Haroun & Gil-Rodríguez 1995; Masuda et al. 1998; Fujii & Sentíes 2005; Wynne et al. 2005) . In addition to size of mature thalli, Nam (2006) utilized the character of presence of a palisade-like arrangement of cortical cells in P. perforata and its absence in P. papillosa to segregate the species.
In this study, arguments for the conspecificity of P. papillosa with P. perforata are presented and discussed based on morphological characters and chloroplast-encoded rbcL gene sequences. The phylogenetic analysis also supported the transfer of Chondrophycus patentirameus (Montagne) K.W. Nam and C. thuyoides (Kü tzing) G. Furnari to the genus Palisada.
MATERIAL AND METHODS
Samples of Palisada perforata and P. papillosa were collected from Spain (Canary Islands), Atlantic Mexico and Brazil. Voucher specimens and material for morphological study were fixed in 4% formalin/seawater or pressed as herbarium sheets. Transverse and longitudinal hand sections were made with a stainless-steel razor blade and stained with 0.5% aqueous aniline blue solution, acidified with 1N HCl (Tsuda & Abbott 1985) . Living specimens were also examined to check for presence of corps en cerise. Vouchers are deposited in HRJ, SP, UAMIZ and TFC Phyc. For comparison purposes, additional specimens provided by the National Herbarium Netherlands, Leiden University branch (L); from the Herbarium of the Department of Botany, University of Catania, Italy (CAT-Sectio Algae); and from the Botanical Museum Herbarium, Lund, Sweden (LD) were analyzed. Line drawings were prepared using a camera lucida mounted on a Nikon Eclipse E200 microscope (Tokyo, Japan), and photomicrographs were taken with a Sony W5 digital camera (Tokyo, Japan) coupled to a Nikon microscope. Herbarium abbreviations follow the online Index Herbariorum (http://www.nybg.org/bsci/ih/ih.html). Samples used for molecular analysis were dried in silica gel.
Total DNA was extracted, after grinding in liquid nitrogen, using the Dneasy Plant Mini Kit (Qiagen, Valencia, CA, USA) following the manufacturer's instructions. A total of 1467 base pairs of the rbcL gene were amplified in three overlapping parts with the primers pairs: FrbcLstart 3 R753, F577 3 R1150 and F753 3 RrbcS (Freshwater & Rueness 1994) using the master mix of the Bioneer (Daedeok-Gu, Daejeon, Korea) Premix. All PCR products were analyzed by electrophoresis in 1% agarose to check product size. The PCR products were purified with the Qiagen QIAquick Purification Kit in accordance with the manufacturer's instructions.
Sequencing was carried out with the BigDye Terminator Cycle Sequencing Reaction Kit (Applied Biosystems, NJ, USA) on an ABI PRISM 3100 Genetic Analyzer (Applied Biosystems). The primers used for the sequencing were those used for the PCR amplification. The full sequence was obtained from both DNA strands. The analysis of the sequences was done with the computer program Sequence Navigator (Applied Biosystems) and aligned with the CLUSTAL algorithm (Thompson et al. 1994) . The specimens sequenced in this study, plus the other available sequences used in phylogenetic analysis, are shown in Table 1 , including their GenBank accession numbers (NCBI GenBank 2003) .
Phylogenetic relationships were inferred with PAUP 4.0b10 (Swofford 2002 ) and MrBayes v.3.0 beta 4 (Huelsenbeck & Ronquist 2001) . Maximum-parsimony trees (MP) were constructed using the heuristic search option, tree-bisection-reconnection branch swapping, unordered and unweighted characters, and gaps treated as missing data. Branch length was optimized using delayed transformation (DELTRAN), which favors parallelisms over reversals. Support values for the relationships discovered in each analyses were calculated by performing bootstrap analyses (Felsenstein 1985) , as implemented in PAUP. Ten thousand heuristic search replicates were executed using the TBR branch-swapping algorithm. Consistency (CI), homoplasy (HI) and retention (RI) indexes were computed to evaluate the level of homoplasy in the most parsimonious tree. The model used in the Bayesian analysis was the general-time-reversible model of nucleotide substitution with invariant sites and gammadistributed rates for the variable sites (GTR+I+G). This model was selected based on maximum likelihood ratio tests implemented by the software Modeltest version 3.06 (Posada & Crandall 1998) with a significance level of 0.01. For the Bayesian analysis, we ran four chains of the Markov chain Monte Carlo (one hot and three cold), sampling one tree every 10 generations for 1,000,000 generations starting with a random tree. The 17,680 generations were discarded as 'burn in'. A 50% consensus tree (majority rule as implemented by PAUP) was computed after the 'burn in' point. The range of rbcL divergence values within and among species was calculated using uncorrected 'p' distances using PAUP.
RESULTS

Morphological analyses
Palisada perforata (Bory) K.W. Nam (2007, 54) Figs 1-27 BASIONYM: Fucus perforatus Bory (1803, 505, pl. 5 fig. 1 Harper (1998, 195) ; Palisada papillosa (C. Agardh) K.W. Nam (2007, 54) .
HABIT: Plants forming strongly compacted turf-like mats, up to 5 cm high, or isolated tufts, up to 10 cm high, violetbrown or greenish brown in color, terete, rigid, cartilaginous in texture, not adhering to herbarium paper when dried (Figs 1-8) . Thalli attached to the substratum by a discoid holdfast from which arise arcuate and decumbent branches, 0.5-1.4 mm in diameter, and secondarily attached by rhizoids or smaller discoid holdfasts (Fig. 9) . Stolon-like branches can be produced from the lower portion of axes ( Fig. 10 ). Erect branches unilaterally disposed or irregularly alternate and spirally arranged, usually with 2-3 (-4) orders of branches, measuring 0.8-1.6 mm in diameter at the middle portions of the thalli. Erect branches densely placed at the uppermost portions with numerous wart-like ultimate branchlets. Ultimate branchlets cylindrical or clavate to papillate, 0.8-3.6 mm long and 0.4-1.1 mm in diameter.
VEGETATIVE STRUCTURES: In surface view, cortical cells are regularly arranged throughout the thalli, slightly radially elongated in the upper portions, isodiametricpolygonal in the middle portions, 17.5-52.5 mm long and 15-47.5 mm wide, and elongate-polygonal in the lower portions. Secondary pit connections between cortical cells absent ( Fig. 11) . Corps en cerise absent. In transverse section, thalli with one or two layers of pigmented cortical cells; surface cortical cells quadratic to radially elongated and arranged as palisade, 20-45 mm long and 12.5-32.5 mm wide in the middle portions of the main axes (Figs 12, (13) (14) (15) (16) . Palisade-like arrangement may be lacking in the ultimate branchlets. Medullary region with four or five layers of colorless cells, rounded or slightly radially elongated, 50-155 mm long and 40-122.5 mm wide in the middle portions of the main axes. Medullary cells walls uniformly thickened, but lenticular thickenings are absent. Each vegetative axial segment cuts off two pericentral cells (Fig. 17) ; the first pericentral cell is produced underneath the basal cell of the trichoblast (Fig. 18) . In median longitudinal section through a branchlet, outer cortical cells walls near apices not projecting beyond the surface.
REPRODUCTIVE STRUCTURES: Tetrasporangial branchlets are cylindrical or papillate, simple or compound, 0.7-3.0 mm long and 0.6-1.2 mm in diameter (Fig. 6 ). At the apex of fertile branches, each axial segment produces one additional pericentral cell situated oppositely to the position to the existing two normal pericentral cells. The third additional and the second pericentral cells become fertile and the first pericentral cell remains vegetative (Figs 19, 20) . The second and third fertile pericentral cells cut off two presporangial cover cells distally and abaxially the tetrasporangial initial (Fig. 21 ). Subsequently, one postsporangial cover cell is produced and continues dividing and contributes to produce cortication around the tetrasporangium. The presporangial cover cells do not divide and display a transverse-type alignment in relation to the fertile axis in surface view. Tetrasporangial maturation is in a clockwise spiral, and the final arrangement is a rightangle pattern in relation to fertile branchlets (Fig. 22) . Mature tetrasporangia are tetrahedrally divided, 50-117.5 mm in diameter.
In female thalli, each procarp-bearing segment produces four pericentral cells (Fig. 23) , the fourth of which becomes the supporting cell of a four-celled carpogonial branch with two groups of sterile cells (Fig. 24) . Fully developed cystocarps are conical with protuberant carpostomes, 0.7-1.2 mm in diameter, subapically arranged with the lower half immersed within the parent branch (Figs 7, 25) . Carposporangia are clavate, 105-200 mm long and 25-55 mm in diameter. Details of the postfertilization stages are basically identical to those described by Nam & Sohn (1994) and Nam & Saito (1995) .
Male branches are characteristically swollen, 0.8-1.6 mm in diameter (Figs 5, 8) . In longitudinal section through a fertile branchlet, the spermatangial pits are cup shaped, and an axial cell row is discernible at the base (Fig. 26) . Spermatangial trichoblasts arise from axial cells, consisting of fertile and sterile branches (Fig. 27) produce many ovoid spermatangia, 6.5-12.5 mm long and 5.0-7.5 mm in diameter, and terminate in vesicular sterile cells, 22.5-37.5 mm long and 17.5-35 mm in diameter; each spermatium possess an apical nucleus (Fig. 28) .
HABITAT: The specimens were collected from the lower intertidal zone to subtidal zone at exposed or protected from wave action sites. Fig. 7 . Detail of female branches with cystocarps. Scale 5 1 mm. Fig. 8 . Detail of male branches. Scale 5 1 mm.
Figs 9, 10. Palisada perforata. (Fig. 9, HRJ 10868; Fig. 10 , HRJ 10901). (Table 1) . A total of 250 nucleotides were removed from all rbcL sequences at the beginning or end of the sequences as many sequences from the GenBank were incomplete, producing a data set of 1217 base pairs. Intergeneric divergence varied from 6 to 10% between Palisada and Laurencia and from 9 to 12% between Palisada and Osmundea. Interspecific divergences obtained for the species of Laurencia varied from 3 to 8%; whereas, for those of Palisada varied from 4 to 10%. In the case of P. papillosa and P. perforata, the observed rbcL nucleotide divergences between Atlantic specimens were very low, 0-0.4%. Fig. 21 . Detail of a fertile pericentral cell (fp) with two presporangial cover cells (pr), tetrahedrically divided tetrasporangium (te) and one postsporangial cover cell (po). Scale 5 20 mm. Fig. 22 . Longitudinal section through tetrasporangial branchlet showing right-angle arrangement of the tetrasporangia. Scale 5 500 mm. Fig. 23 . Procarp-bearing segment with four pericentral cells, the fourth becoming the supporting cell (su). Central cell of procarp-bearing segment (c), lateral sterile group initial (lsi). Scale 5 10 mm. Fig. 24 . Procarp before fertilization with four-celled carpogonial branch (cb), lateral sterile group (ls) and basal sterile group (bs). Carpogonium (cg), trichogyne (tr), supporting cell (su), central cell of procarp-bearing segment (c). Scale 5 10 mm. Fig. 25 . Longitudinal section through female branchlet with partly immersed cystocarp and protuberant carpostome. Scale 5 500 mm. Fig. 26 . Longitudinal section through male branchlet showing spermatangial branches in cup-shaped tips. Scale 5 400 mm. Fig. 27 . Detail of trichoblast type spermatangial branches. Note trichoblast with two laterals (sterile and spermatangial branches). Scale 5 40 mm. Palisada papillosa-P. perforata were monophyletic with high support in all analyses with P. papillosa from Baja California in the Pacific Ocean basal to the Atlantic samples. The eastern Atlantic P. papillosa and P. perforata from Tenerife, Canary Islands, form a monophyletic clade with a high posterior probability, segregating from the western Atlantic P. papillosa and P. perforata from Florida (USA), Mexico, and southern Brazil.
DISCUSSION
Palisada perforata was first proposed as Fucus perforatus by Bory (1803) from Tenerife, Canary Islands; whereas, Garbary & Harper (1998) , on the basis of a cladistic analysis of morphological characters, segregated members of the Laurencia complex originally included in the subgenus Chondrophycus (Saito 1967; Nam & Sohn 1994) and elevated that subgenus to generic rank. They characterized these species by having the presence of two pericentral cells in vegetative axes, secondary pit connections between cortical cells mostly absent, no corps en cerise, spermatangial development of the trichoblast type, tetrasporangia development from pericentral cells with fertile segments producing additional fertile pericentral cells and tetrasporangia typically arranged in a right-angle pattern. Later, Nam (1999) redefined the genus Chondrophycus and characterized it by its possession of only two pericentral cells in vegetative axes, the trichoblast type development of the spermatangia and the production of tetrasporangia from a particular pericentral cell. In light of this circumscription, Laurencia perforata and L. papillosa were transferred to Chondrophycus.
Nam (2006, 2007) transferred Chondrophycus papillosus and C. perforatus to the genus Palisada and segregated it from Chondrophycus, based on cladistic analysis, using the following morphological features: the first pericentral cell is produced underneath the basal cell of the trichoblast as in Laurencia, the second pericentral cell in the tetrasporangial axis is always fertile and the resultant axis has one sterile pericentral cell, the spermatangial branches are produced from one of two laterals on the suprabasal cell of trichoblasts, the auxiliary cells in the postfertilization process show a normal developmental pattern after presumed fertilization and the procarp-bearing segments have four pericentral cells, except in Palisada poiteaui (J.V. Lamouroux) K.W. Nam var. poiteaui and P. poiteaui var. gemmifera (Harvey) Sentíes, M.T. Fujii & Díaz-Larrea, which possess five pericentral cells [Fujii et al. 1996 Masuda et al. (1997) and Furnari et al. (2001) argued that main axes, indeterminate branches, and also ultimate branchlets possess a palisade-like arrangement of cortical cells in transverse section; although, it may be absent in some ultimate branchlets. Despite the arguments above, Nam (2006) maintained this character as a distinguishing difference between P. papillosa and P. perforata. Our study confirmed the presence of a palisade arrangement of cortical cells in both species; although, it occasionally may be lacking in ultimate branchlets as pointed out by Masuda et al. (1997) and Furnari et al. (2001) . The examination of the isotype of Fucus papillosus in LD showed that it is in agreement with the material from the Canary Islands, Mexico and Brazil analyzed in this study.
The habit difference observed in these species seems to be related to environmental conditions. The species are known to be polymorphic and usually assume the turf morphology when they grow in the intertidal zone and are exposed to high-energy wave action (Fujii & Sentíes 2005) . The basal system used to segregate the species is variable. The stolonlike branches may be lacking in P. papillosa, and the basal branches arising from the lower portions of the erect branches may assume an arcuate habit and can also be attached by smaller holdfasts as in P. perforata. Fujii & Sentíes (2005) , after comparative studies of these species, already had suggested that the specimens of P. perforata and P. papillosa from Brazil were morphological variants of the same species.
Morphological comparisons among the species of the Palisada clade considered in this study are shown in Table 2 . Palisada perforata and P. papillosa share the following diagnostic characters: the first pericentral cell is produced underneath the basal cell of the trichoblast, a palisade-like arrangement of cortical cells, the tetrasporangial axes produce two fertile pericentral cells per segment (the second vegetative which becomes fertile and a third additional), the first pericentral cell remaining vegetative, the spermatangial branches are produced from one of two laterals on the suprabasal cell of trichoblasts and the procarp-bearing segment possesses four pericentral cells. Although the species have been widely reported, details of the procarp are described here for the first time.
The intergeneric divergence values obtained in this work (6-12%) for rbcL sequences are comparable to those reported by other authors for the Laurencia complex. Nam et al. (2000) The molecular phylogeny shows that the clade formed by the five populations of P. perforata (Bahía Izquierda and San Telmo, Canary Islands; Isla Mujeres, Mexico; Rio das Ostras and Parati, Brazil) and four populations of P. papillosa (Playa Paraíso, Canary Islands; Puerto Morelos, Mexico; Rio das Ostras, Brazil; Old Dan's Reef, Florida, USA) are poorly resolved as a result of the low level of genetic variation between their rbcL sequences (0-0.4%). This divergence value is comparable to that reported by Díaz-Larrea et al. (2007) for P. poiteaui-P. gemmifera (0.01-0.02%) and for three samples of O. pinnatifida analyzed in this work (0.4%). Within the P. papillosa-P. perforata assemblage, eastern Atlantic samples from Tenerife, Canary Islands, form a monophyletic clade, segregating from the western Atlantic P. papillosa and P. perforata from Florida (USA), Mexico, and southern Brazil. The taxon named as Palisada papillosa from Baja California, Mexican Pacific, may be a distinct species from the Atlantic entities, as its rbcL sequence divergence from the rest of the P. papillosa and P. perforata specimens is 1%. Therefore, the entity known as P. papillosa from Baja California needs to be critically re-examined as suggested previously by Fujii et al. (2006) . The morphological similarities and the molecular data support the conspecificity of C. papillosus with C. perforatus, the latter epithet having priority over the former. The phylogenetic analyses also supported the nomenclatural changes for two species of Chondrophycus to Palisada, namely, P. patentiramea (Montagne) Cassano, Sentíes, Gil-Rodríguez & M.T. Fujii comb. nov. and P. thuyoides (Kü tzing) Cassano, Sentíes, Gil-Rodríguez & M.T. Fujii comb. nov.
